such as Fe, Ni, Co, and their oxides, have found broad application in electroanalysis methods [29] [30] . Magnetic nanoparticles or iron nanoparticles (INPs) have excellent high-density, conductivity, catalytic, unusual physical and chemical properties, which make them suitable for acting as the electrocatalytic reaction process and voltammetric sensing of some small electroactive molecules because of their attractive properties such as superparamagnetism, low toxicity, good biocompatibility, and excellent nanocharacter. In recent years, several reported related to electrochemical sensors and biosensors based on nanomaterials have mentioned the important roles of nanoparticles [32] [33] [34] [35] [36] [37] [38] [39] . Nafion (NAF) is a perfluorosulfonated cation exchange polymer, which has been extensively applied in the modification of the electrode surfaces and in the construction of different functional biosensors for its unique, high chemical stability, good biocompatibility, easy fabrication, good electrical conductivity, and as a support for nanoparticles has been widely used as a protective coating material. As Nafion films, an ion-exchange polymer are highly permeable to cations but almost impermeable to anions 39, 40 . Also INPs can be homogeneously dispersed in Nafion solution cause favorable mass transport to surfaces and can permit magnetic capture of depleted materials. Carbon paste electrode (CPE) used extensively as working electrodes for a variety of electrochemical applications and due to low background current compared with other solid electrodes, easy renewability of the surface, low cost, facility to prepare, large potential window, and compatible with various types of modifiers. CPEs can be modified by using various electron transfer mediators such as INPs [42] [43] . Therefore, in this work we attempt to synthesis Iron nanoparticle (INPs) was dispersed in Nafion solution to obtain a INPNafion-modified CPE and then the electrocatalysis of PHE using cyclic voltammetry and differential pulse voltammetry (DPV) method.
EXPERIMENTAL

Chemicals and reagents
All of the solutions were freshly prepared using double-distilled water. Phenylephrine hydrochloride (PHE) reference was kindly provided by Darou Pakhsh Pharmaceutical Company (Tehran, Iran). Ferric chloride (FeCl 3 ·6H 2 O), ferrous chloride (FeCl 2 ·4H 2 O), ammonia solution (25 wt. %), sodium hydroxide, hydrochloric acid (37 wt.%) were obtained from Merck (Darmstadt, Germany) The 5 (v/v %) Nafion solution used in this study was prepared by diluting the 5 (wt %) Nafion in ethanol was purchased from Fluka. Stock solutions of Phenylephrine hydrochloride (0.010 mol L -1 ) was freshly prepared daily by dissolving PHE in water and protected from light during investigation. The buffer solutions were prepared from ortho-phosphoric acid and its salts) (pH S 2, 3, 6, 7, 8, 9) , and acetate buffer solutions (pHs 4, 5) as supporting electrolytes. Graphite fine powder and paraffin oil (both from Merck) were used as binding agents for the graphite pastes. The PHE containing nasal sprays 0. 5% and 0.25% were purchased from Sina Daru Pharmaceutical Co. (Tehran, Iran) respectively.
Synthesis of Iron nanoparticle (INPs)
Various methods of deposition of INPs have been investigated 44 . ) was added to beaker while vigorous stirring and heated to 70 °C . After the reaction completed (pH=10) the nanoparticles were collected by the magnet and thoroughly washed with deionized water to remove excess amounts of ammonium hydroxide. Then, the nanoparticles were dried in an oven for 1h at 70 °C.
Instrumentation
A potentiostat / galvanostat (SAMA 500, electroanalyzer system, I.R. Iran) was used for carrying out the electrochemical experiments. A three electrode cell was used at 25±1 °C. A saturated calomel electrode, platinum wire, and a carbon-paste working electrode (unmodified or modified) were used as reference, auxiliary and working electrodes, respectively. A Metrohm model 780 pH/mV meter was also used for pH measurements, 1.6 Tesla magnetic field, (7×3×2 cm) from Tehran Magnet .A magneticstirrer HP -3000 model.
Preparation of the INP-Nafion-Modified CPE
Carbon paste was made according to the literature by thoroughly mixing high purity graphite powder and paraffin oil 45 . A portion of the resulting paste was packed into the end of an insulin syringe. Electrical contact to the paste was established by inserting a copper wire down through the syringe and into the back of the mixture. Before each dispersion, the working electrode surface was smoothed by polishing with paper. Finally, 10 µL of homogeneous INP-Nafion dispersion, which was obtained by dispersing 3 mg of INPs in 1 mL of 5 (v/v) Nafion solution diluted with ethanol with the aid of 25 min ultrasonic agitation, was cast on the surface of the CPE and then dried in air to get the INP-Nafionmodified CPE.
general Procedure
INP-Nafion-modified CPE was immersed in phosphate buffer solution by cyclic voltammetry from 0.6 to 1.2 V until a stable cyclic voltammogram was obtained. Then, appropriate volumes of sample solution (PHE) were added to the voltammetric cell, differential pulse voltammograms were recorded and used for plotting the calibration curve. The potential was swept from +0.6 to +1.2 V versus SCE with a scan rate of 100 mVs 
Real sample analysis
The contents of three bottles of nasal spray were mixed separately (each bottle contains 0. 5% and 0.25% of PHE hydrochloride for nasal spray respectively). A specific amount of these mixtures, which was equivalent to a stock solution with a concentration of about 1.0×10 -2 mol L -1 , was accurately transferred into a 100 mL calibrated flask and completed to the volume with double distilled water. Then, 2.0 mL of the solution plus 17.0 mL of the buffer (pH 3.0) were used for the analysis with standard addition method. Quantizations were performed using the calibration curve method from the related calibration equations.
RESULTS AND DISCUSSION
Electrochemical studies
The electrochemical behavior of PHE at unmodified electrode (bare) and the INP-Nafionmodified CPE was investigated in 1 mM PHE (pH 3) by cyclic voltammetry. AS shown in Fig. 1 . It can be seen the curves (a) and (b) exhibits the voltammetric response of the INP-Nafion-modified CPE unmodified electrode (bare) in the presence of PHE, respectively. Its anodic peak potential (the INP-Nafion-modified) shifted negatively and the peak currents also increased significantly.
As can be seen, there is no voltammetric peak for the blank solution and in the absence of PHE (in phosphate buffer solution pH 3.0) at the surface buffer (pH 3) using cyclic voltammetry. (Fig. 2A) exhibits the cyclic voltammogram of PHE at the INPNafion-modified CPE under the optimum conditions and a scan rate of 100mVs -1 For the concentration range of 100-800 µM PHE, the regression equation was I (µA) =39.039 C (µM) + 19.087 and a correlation coefficient of R 2 =0.9968 (Fig. 2 B) .
Effect of the Amount of INP-Nafion Dispersion
To study the effect of the amounts of INPs-Nafion dispersion coated onto the CPE the electrochemical behavior of PHE, different modified electrodes were fabricated with different amount of this dispersion. It was found that the peak current of PHE increased with the increase of the dispersion amount, and it reached the maximal value when 10 mL of INP-Nafion was cast on the surface of a CPE and dried in air. With the increase of the dispersion amount, the response current of PHE would decrease. The reason may be that a lower amount of the dispersion would result in the CPE surface not being coated uniformly. However, too much dispersion would form a relatively thick film, which could decrease the mass transfer rate of PHE with the electrode 36 , so INP-Nafion dispersion of 10 mL was considered as the optimum value Fig. 3 .
Effect of solution pH
T h e e f fe c t o f s o l u t i o n p H o n t h e electrochemical response PHE at the INP-NafionModified CPE was investigated using CV in the pH range from 2 to 8. As shown in Fig. 4 the anodic peak current was gradually decreased by increasing the pH from 2.0 to 8.0.
However, it was disappeared by further increasing in pH of the solution. It is increasingly deprotonated for its acid-base proper ties phenylephrine .PHE has two pK values: 8.77, attributed to its basic secondary amine and 9.84, due to its phenol group 46 . By increasing the pH of solution gradually the free form of PHE base in the test solution was increased which was not sensed by the INP-Nafion-Modified CPE, so, the maximum anodic current was obtained at pH 3, therefore it was chosen as the optimal pH for next experiments. The relationship between the anodic peak potential and the solution pH value could be fit for the regression equation of E pa (V) = -0.055 pH + 1.1613, with a correlation coefficient of R² = 0.9933. A slope of 55mV pH "1 suggests that the number of electron transfer is equal to that of hydrogen ions taking part in the electrode reaction, which is close to the theoretical value of -59 mV Fig 5. 
Effect of scan rate
The effect of scan rate on the electrooxidation of 1.0 × 10 -3 mol L -1 PHE at the INP-Nafion- modified CPE in a buffered solution of pH 3.0 at different potential sweep rates was examined by cyclic voltammetry. (Fig. 6 A) , exhibits the cyclic voltammograms of PHE at the INP-Nafion-modified with different scan rates, v, in the range of 10-200 mV s -1 . For PHE no cathodic peak is observed on the reverse scan in various potential sweep rates (Fig. 6  B) . The anodic peak current varied linearly with the scan rates I (µA) = 0.0769 v (mV s -1 ) + 1.1338 (R² = 0.998) which shows that the oxidation of PHE on the INP-Nafion-modified was a typical absorptioncontrolled process 47 .
Analytical Measurements
Differential pulse voltammetry (DPV) was used to investigate as a highly sensitive and rapid electrochemical method for the determination of PHE. Therefore, differential pulse voltammetry experiments were performed using the INP-Nafionmodified CPE in a buffered solution of pH 3.0 containing various individual concentrations of PHE. The results (Fig 7 A) show DPVs of PHE oxidation at the surface of the INP-Nafion-modified CPE were linearly dependent on the PHE concentrations, over the range of the range from 5 to 130 µM (Fig 7 B) , and the linear regression equation was Ip (µA) = 0.1551 C (µM) + 2.8631 with a correlation coefficient of R 2 =0.9986 and the detection limit (S/N=3) was estimated to be 0.76 µM.
Detection limit and linear calibration range of the proposed modified electrode were compared with those obtained in other reports and the results are summarized in Table 1 .Although the linear range of the proposed modified electrode is smaller than those reported in some previous works its detection limit is comparable or better than the results reported for PHE determination at the surface of recently fabricated modified electrodes [20] [21] [22] [23] 25 .
Reproducibility and Stability
To evaluate the reproducibility of the INPNafion-modified CPE by DPV, the peak currents of (n= 5) successive detections in a solution of 50 µM PHE was determined. The relative standard (RSD) is 2.53 %, showing that the INP-Nafion-modified CPE has good repeatability. The storage stability of the INP-Nafion-modified CPE was also investigated. For detection of 50 µM, no significant decrease in current response was found in the first 7 days. A 95% current response was still retained after 1 month. Therefore, the stability of the proposed electrode was good enough for continual operation. 
Interference studies
The influence of various foreign species on the determination of 20µM PHE The tolerance limit was taken as the maximum concentration of the interfering substances that caused an approximately 5% relative error in their determinations. The results are given that the presence of these coexists species had no influence on the current response of 20 µM of PHE under the optimum conditions at the applied potential; the results are given in Table 2 . The results indicated that no interference on the determination of PHE was observed.
Determination of PHE Real sample analysis
To demonstrate the application of the INPNafion-modified CPE sensor, PHE concentrations in real samples were measured. The standard addition method is suitable for simple and rapid evaluation of PHE. The recoveries of PHE from real samples were measured by spiking drug with a known amount of PHE. Table 3 shows the results analysis of PHE in real samples. As it is obvious, these results indicate that the INP-Nafion-modified CPE can be used for voltammetric determination of PHE in real samples with the good recoveries of the spiked PHE in the range of 96-104%.and good reproducibility.
CONCLUSION
In this research, the INP-Nafion-modified CPE was successfully fabricated by INPs-Nafion dispersion coated onto the CPE as modifying species. Modifiers in the modified CPE exhibited some excellent characteristics, including: good dispersing properties, large surface area, good electrical conductivity and fast electron transfer .The experimental results showed that INP-Nafionmodified CPE high electrocatalytic activity for the oxidation of PHE Under the optimum conditions. The modified electrode can be used successfully to determine PHE in drug samples.
